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(54) MANDREL BAR AND ITS PRODUCING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a mandrel bar 
in which the central part has high strength equal to that 
of the surface layer part and also having high toughness 
and a long life and to provide its producing method. 
SOLUTION: This mandrel bar has a composition 
containing, by mass, 0.25 to 0.4% C, <1% Si, 0.30 to 
1.5% Mn, 2.5 to 9.50% Cr, 0.1 to 1% V, 0.001 to 0.10% 
Al, 0 to 2% Ni, 0 to 2% Mo, 0 to 3% W, 0 to 0.5% Nb, 0 
to 0.01% B, <0.005% S, <0.015% N and P satisfying P< 
7.5/ the diameter (mm) of the mandrel bar, and the 
balance is Fe with impurities and has a metallic structure 
essentially consisting of tempered martensite. Further, 
the method producing the same is provided. 



1 10- 

■jj:. si 
S GO 

S 

P ID* 
10. 



: o 













a* so aq eu m &o 



100 



http://wwwl9Jpdl.ncipi.gojp/PAl/result/detail/mair^^ 5/11/2006 



JP,2001-293504,A [CLAIMS] 



Page 1 of 1 



CLAIMS 



[Claim(s)] 

[Claim 1] mass % - C:0.25 - 0.4%, less than [ Si:l%, Mn:0.3-1.5%, and Cr: - the high life mandrel bar 
characterized by being the organization where the amount with which are satisfied of P:following type 
** was contained 2.5 - 9.5%, V:0.1 - 1%, aluminum:0.00 1-0.1%, S:0.03% or less, andN:0.015% or less, 
it consisted of the remainder Fe and an impurity, and metal texture made tempered martensite the 
subject. 

P<=7.5/D ** - here — the diameter (mm) of Drmandrel bar 

[Claim 2] By mass %, C:0.25 - 0.4%, less than [ Si:l% ], Mn:0.3-1.5%, Cr: 2.5-9.5%, V:0.1 - 1%, 
aluminum:0.001-0.1%, S:0.03% or less, N:0.015% or less, P : The amount with which are satisfied of 
following type ** is included. The high life mandrel bar characterized by being the organization where 
one or more groups' element of the further following groups a-c was contained, it consisted of the 
remainder Fe and an impurity, and the metal texture made tempered martensite the subject. 
P<=7.5/D ** - here - the diameter (mm) of D:mandrel bar 

a) c [ one or more sorts of] B:0.0005 - 0.01% (nickel:0.1-2%bMo:0.1-2%, W:0.1 - 3%, and Nb:0.005- 
0.5%) — [Claim 3] After fabricating in the configuration of a mandrel bar using the tool steel of 
chemical composition according to claim 1 or 2, It heats so that the temperature gradient of the core of a 
mandrel bar and the surface section may become 50 degrees C or less in a 900-1 100-degree C 
temperature requirement. The manufacture approach of the high life mandrel bar characterized by 
hardening with water cooling after that, considering the organization of a core as a martensite subject's 
organization, annealing further and considering the metal texture of the core of a mandrel bar as a 
tempered martensite subject's organization. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention hot-rolls a seamless steel pipe, it relates to the mandrel bar 

inserted in the interior of a steel pipe, and its manufacture approach. 

[0002] 

[Description of the Prior Art] As for the manufacture approach of a seamless steel pipe, the manufacture 
approach by the Mannesmann mandrel mill method with high dimensional accuracy is widely adopted 
by the sex from Takao. In the process, a mandrel bar is inserted in the inside of the hollow shell punched 
by the piercer, and rolling is carried out in the mandrel mill which the number stand followed. A 
mandrel bar is drawn out from a hollow shell during rolling or after rolling. Therefore, since a 
temperature up and a temperature fall are repeated by turns and the compressive stress and tensile stress 
more than yield stress act repeatedly, the surface of a mandrel bar has the problem which serves as a life 
for a short time by crack initiation or wear. 

[0003] SKD6 of for example, JIS-G-44G4 specification, 61 or 62 ingredients (JP,60-2623,A), or such 
amelioration steel (JP, 1-306544, A and JP,2-25543,A each official report) are used for the conventional 
mandrel bar. However, such steel has high high temperature strength, and although excelled in heat- 
check-proof nature (heat-resistant crack nature), since there is a trouble that toughness is low, it is 
common that heat treatment which improves toughness is used giving. 

[0004] Since it burned by the manufacture approach of a large-sized tool like a mandrel bar, and was 
divided and generating of season cracking became a problem conventionally, water cooling for 
considering as a martensite subject's organization to a core in the case of hardening processing was not 
carried out. When water quenching is carried out to the tool steel of high Cr, a baked crack and delayed 
fracture occurring is well known to this contractor. Moreover, if the whole including the core of a 
mandrel bar is made into high intensity, the whole toughness will fall and it will become easy to 
generate serious troubles, such as breakage. 

[0005] Therefore, it could not but consider as normalizing processing of air cooling after rolling, and air 
cooling after reheating, or spheroidizing annealing industrially, and reinforcement had to be lowered as 
an organization of carbide and a bainite subject in the core of a mandrel bar. After fabricating in the 
configuration of a mandrel bar, norm processing and spheroidizing of air cooling or air cooling after 
reheating are performed, a core lowers reinforcement as the bainite texture and the balling-up 
organization of carbide where bainite or a ferrite was mixed, toughness is secured, and the approach of 
hardening and strengthening only a surface with high-frequency heating etc. again is indicated by JP,60- 
2623, A. Moreover, the approach of irradiating a laser beam on a front face is indicated by JP,59-1678,A 
as a means to reform only a front face. 

[0006] A life can be improved by securing the whole toughness by the elasticity section of a core, 
reforming the front face of a mandrel bar with RF quenching etc., considering as high intensity, and 
obtaining high high temperature strength and abrasion resistance, avoiding serious troubles, such as 
breakage. 

[0007] On the other hand, while severe thermal stress acts on a surface, in order to draw out from shell 
during rolling or after rolling to the whole mandrel bar, big tensile stress works, and the problem from 
which elongation and a path contract and the die length of a bar serves as a life gradually during use is 
also generated. Moreover, if the crack by the heat check progresses, since high temperature strength 
other than a surface is small, crack progress speed will become large and the problem to which a life 
falls will also be generated. 

[0008] The one solution approach for being extended in JP,5-69013,A, while the die length of a bar uses 
it, and a path contracting to it, and becoming a life is proposed. That is, it has the intention of controlling 
expanding of a bar in use by holding down the hardness difference of external surface and a core to 15 
or less by shore hardness, namely, bringing the degree of hardness of a core close to a surface degree of 
hardness. However, it does not pass over this approach to reduce tempering temperature simply and 
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secure the degree of hardness of a core, and although the problem to which the toughness of a core 
naturally falls occurs, the solution over this is not taken. Therefore, since breakage of a mandrel bar etc. 
poses a problem again even if the problem of the path contraction by expanding of a mandrel bar is 
clearable to be sure, even if it applies this technique, it does not lead to improvement in a life simply. 
[0009] 

[Problem(s) to be Solved by the Invention] The reinforcement of a core is high intensity equivalent to 
the surface section, and the technical problem of this invention is to offer the long mandrel bar and its 
manufacture approach of a life of high toughness. 
[0010] 

[Means for Solving the Problem] this invention persons came to acquire the following knowledge, as a 
result of experimenting and inquiring wholeheartedly, in order to investigate a **** hub mandrel bar 
configuration and the effect of an alloy element to the baking crack when carrying out water quenching, 
and season cracking for the purpose of developing the tool steel which burns even if it carries out after 
[ shaping ] water quenching of the mandrel bar which is a large-sized tool, and neither a crack nor 
season cracking generates. 

[001 1] a) If the amount of martensite makes the metal texture after hardening many organizations of 
little of bainite, the high temperature strength after annealing is not only improved greatly, but toughness 
will be improved greatly. 

[0012] b) However, when it is related to the baked crack and season cracking which are produced when 
the diameter of a mandrel barbershop and P content in an alloy content carry out water quenching and 
the relation of [the diameter of the content (mass %) <=7. 5 -/mandrel bar of P] is being filled, it stabilizes 
and burns, a crack and delayed fracture can be avoided, and manufacture by water quenching of a 
mandrel bar is industrially possible. 

[0013] This invention was made based on the above knowledge, and the summary is as follows. 
[0014] (1) mass % -- C:0.25 - 0.4%, less than [ Si:l% ], Mn:0.3-1.5%, and Cr: - the high life mandrel 
bar which is the organization where the amount with which are satisfied of Pifollowing type ** was 
contained 2.5 - 9.5%, V:0.1 - 1%, aluminum:0.00 1-0.1%, S:0.03% or less, and N:0.015% or less, it 
consisted of the remainder Fe and an impurity and metal texture made tempered martensite the subject. 

[001 5] P<=7.5/D ** -- here the diameter (mm) of D:mandrel bar 

By mass %, (2) C:0.25 - 0.4%, less than [ Si:l% ], Mn:0.3-1.5%, Cr: 2.5-9.5%, V:0.1 - 1%, 
aluminum:0.00 1-0.1%, S:0.03% or less, N:0.015% or less, P : The amount with which are satisfied of 
following type ** is included. The high life mandrel bar which is the organization where one or more 
groups' element of the further following groups a-c was contained, it consisted of the remainder Fe and 
an impurity, and the metal texture made tempered martensite the subject. 
[0016] P<=7.5/D ** - here - the diameter (mm) of Drmandrel bar 

a) nickel:0.1-2%bMo:0.1-2%, W:0.1 - 3%, Nb: After fabricating in the configuration of a mandrel bar 
using the tool steel of chemical composition given in 0.005 - 0.5% of c [ one or more sorts of] B:0.0005 
- 0.01% (3) above 1 or 2, It heats so that the temperature gradient of the core of a mandrel bar and the 
surface section may become 50 degrees C or less in a 900-1 100-degree C temperature requirement. The 
manufacture approach of the high life mandrel bar which hardens with water cooling after that, 
considers the organization of a core as a martensite subject's organization, anneals further and considers 
the metal texture of the core of a mandrel bar as a tempered martensite subject's organization. 
[0017] 

[Embodiment of the Invention] Below, the chemical composition and the manufacture approach of a 
mandrel bar of this invention are explained. In addition, all % indication of chemical composition is 
given mass %. 

[0018] C: C has the operation which toughness is raised while raising the hardenability of steel, and 
deposits the 2nd order as carbon nitride and raises high temperature strength at the time of annealing. 
However, the content was deficient in the effectiveness at less than 0.25%, and since it was burned and 
divided and delayed fracture occurred even if it regulated in the amount which mentions P content later, 
when water quenching was carried out when it was made to contain exceeding 0.4%, C content was 
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made into 0.25 - 0.4%. 

[0019] Si:Si is added for the purpose of deoxidation of steel. Moreover, although resistance to temper 
softening is raised and it contributes also to the rise of ordinary temperature on the strength, there is evil 
to which high temperature strength and toughness fall. When making it contain for the purpose of 
deoxidation and an improvement of resistance to temper softening, considering as 0.1% or more is 
desirable. On the other hand, when it was made to contain exceeding 1%, the upper limit was made into 
1% in order to bring about the remarkable fall of high temperature strength, and the fall of toughness. 
[0020] Mn:Mn is an effective component for the increase of the hardenability of steel, reinforcement, 
and toughness reservation. It is difficult for a content to manufacture the product which is satisfied with 
less than 0.3% of reinforcement and toughness with lack of hardenability. On the other hand, when 
making it contain exceeding 1.5%, a segregation increases and toughness is reduced. Therefore, Mn 
content was made into 0.3 - 1.5%. 

[0021] Since it came to have caused the fall of high temperature strength when effectiveness with the 
content sufficient at less than 2.5% was not acquired but it exceeded 9.5%, although Cr:Cr was 
toughness and an element effective in wear-resistant improvement, Cr content was made into 2.5 - 9.5%. 
It is 4.5 - 5.5% that especially the balance of high temperature strength and fracture toughness is 
excellent. 

[0022] V:V is an element required to raise high temperature strength. Machinability and toughness will 
be worsened, if the effectiveness is deficient in the content of V at less than 0.1% and it exceeds 1%. 
Then, V content was made into 0.1-1%. 

[0023] A1A1 is an element required for deoxidation of steel, and the content cannot acquire the 
effectiveness at less than 0.001%. Moreover, if it exceeds 0.1%, cleanliness will fall and it will become 
the fall of toughness, and the cause of the streak flaw in steel. Therefore, aluminum content was made 
into 0.001 -0.1%. 

[0024] Although it is an element effective in nickel :nickel raising hardenability like Mn and improving 
toughness and is made to contain as occasion demands, there is evil to which high temperature strength 
is reduced. Since the effectiveness is scarce at less than 0.1% when making it contain for the purpose of 
an improvement of toughness, it may be 0.1% or more. It is 0.5% or more preferably. If a content 
exceeds 2%, the transformation point will be lowered and the big fall of high temperature strength will 
be caused. Therefore, in making nickel contain, it may be 2% or less. 

[0025] Mo, W, Nb:Mo, and W and Nb raise the hardenability and resistance to temper softening of steel, 
and since they have the operation which raises toughness and high temperature strength, they are made 
to contain as occasion demands. 

[0026] 0.1% or more of Mo is required to acquire the above-mentioned effectiveness, and is 0.5% or 
more preferably. On the other hand, if it exceeds 2%, machinability and toughness will fall. Therefore, 
when making Mo contain, it could be 0.1 - 2%. 

[0027] W has the operation which the hardenability and resistance to temper softening of steel are 
raised, and raises toughness and reinforcement. In order to acquire such effectiveness, it is made to 
contain 0.1% or more. It is 0.5% or more preferably. On the other hand, the upper limit was made into 
3% when making 3% contain, since toughness fell on the contrary with super-**. 
[0028] Nb has the operation which makes crystal grain detailed-ization and raises toughness while it 
raises the resistance to temper softening of steel and raises high temperature strength. When making it 
contain, 0.005% or more is required and is 0.01% or more preferably. On the other hand, if it exceeds 
0.5%, toughness will fall. 

[0029] B: B is the element made to contain as occasion demands, and has the operation which raises the 
hardenability of steel and raises the rate of martensite of the core of a mandrel bar. Moreover, it also has 
the operation which fixes N, accelerates a deposit of secondary eutectoid carbide, such as VC and NbC, 
and improves high temperature strength. In order to acquire such effectiveness, it may be 0.0005% or 
more. However, if it exceeds 0.01%, toughness will fall. 

[0030] S: S formed the sulfide, and although there was an operation which raises machinability, since 
toughness was reduced, it could be 0.03% or less. Preferably, it is 0.005% or less still more preferably 
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0.01% or less. A thing low as much as possible is desirable. 

[0031] N: N forms V and a nitride and decreases the amount of dissolution V at the time of heating for 
hardening. If there are few amounts of dissolution V, at the time of annealing, the amount of V carbon 
nitride which deposits the 2nd order will decrease, and high temperature strength will fall. Therefore, N 
content was made into 0.015% or less. 

[0032] P: P of an impurity is an element which has important semantics in this invention, and according 
to the diameter of a mandrel bar, by regulating P content, water quenching of a mandrel bar is stabilized 
by it and it can offer now the mandrel bar which was excellent in high temperature strength and 
toughness to the core. If the diameter of a mandrel bar is set to D (mm) and it will restrict to P content 
below 7.5/D according to the diameter D of a bar, even if it carries out water quenching, it is burned and 
divided, and the probability of occurrence of season cracking by delayed fracture will become small 
infinite, and will not be generated substantially. If water quenching of the mandrel bar of P level 
exceeding this value is carried out, the probability of occurrence of a baked crack or delayed fracture 
will be no longer zero, and productivity will be reduced remarkably. 
[0033] Next, the manufacture approach is explained. 

[0034] The steel ingot which has the above-mentioned chemical composition is fabricated in the 
configuration of a mandrel bar by hot working, such as cogging, it heat-treats on condition that the 
following, a product dimension is further made by machining, and a mandrel bar is manufactured. 
[0035] Heating for hardening: In order to make MC mold carbide which causes a secondary deposit and 
raises high temperature strength dissolve, 900 degrees C or more need to be heated. On the other hand, 
since crystal grain became big and rough and heat-check-proof nature fell when it exceeded 1 100 
degrees C, whenever [ stoving temperature ] was made into 900 degrees C - 1 100 degrees C. 
[0036] In order for the hardness difference of the core of a mandrel bar and the surface section to obtain 
a small homogeneous organization, it is necessary to make small the hardening temperature gradient by 
the part of a mandrel bar. If the temperature gradient of the surface section of the mandrel bar at the time 
of hardening and the interior exceeds 50 degrees C, whenever [ ununiformity / of an organization ] will 
become large and the life of a mandrel bar will fall. Therefore, the temperature gradient by the part of 
the mandrel bar of hardening temperature was made into 50 degrees C or less. In fact, about the 
temperature of a core, the temperature of a core is predicted from outside temperature, a heat transfer 
coefficient, and thermal conductivity, and quenching is carried out, after carrying out soak beyond the 
time amount from which a difference with outside temperature becomes 50 degrees C or less. The more 
small thing of a temperature gradient is desirable, and it is desirable. [ of 20 degrees C or less ] 
[0037] Hardening: Since a martensite subject's organization is not obtained to a core, water quenching is 
required of hardening by radiationnal cooling used well conventionally. Since the amount of martensite 
increases and its engine performance improves the more the more a cooling rate is quick, high cooling 
power refrigerants other than water may be used. Although especially the cooling approach is not 
specified, the approach of inserting a mandrel bar in the immersion coating to the tank stirred, for 
example and an after [ heating ] ring-like shower water cooler can be considered. Moreover, step cooling 
may be adopted that what is necessary is just to cool below to Mf point temperature. In addition, 
although the baking crack after hardening and season-cracking susceptibility are falling enough, in order 
to raise the safety factor further, it is good to make it rotate at the time of cooling, or to carry out 
annealing within 2 hours preferably after hardening for less than 24 hours. 

[0038] Hardened structure: As for the organization where the metal texture after hardening considers as 
a martensite subject, the rate of martensite says more than 50 volume %. It shall ask by the approach 
below how to ask for the rate of martensite. 

[0039] Since martensite and bainite are difficult to distinguish by observation of a microstructure, it asks 
for them by the following type. It asks by the degree type, setting to H2 Shore hardness of the steel plate 
which manufactured, annealed the Shore hardness after carrying out water quenching of the steel plate 
with a thickness of 10mm from the steel materials which manufactured the mandrel bar by HI, and 
annealed the steel plate for from hardening temperature to at least 500 degrees C with the cooling rate of 
20 degrees C/hour or less, and using Shore hardness of an actual mandrel bar as H. 
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[0040] Since toughness with the rate of rate (%) of martensite =(H-H2)/(H1-H2) xlOO martensite 

sufficient at less than 50% is not acquired and high intensity-ization cannot be performed, it is necessary 

to be 50% or more to a core, a martensite subject's organization of martensite, i.e., rate. 

[0041] Annealing: Tempering temperature is good at 500-700 degrees C which is the temperature 

usually performed, and the temperature from which the degree of hardness from which the balance of 

toughness and reinforcement becomes the best is set to about 37 HRC, and its 580-640 degrees C are 

desirable. If the metal texture after hardening anneals the steel beyond martensite 50%, it will become an 

organization beyond tempered martensite 50%, and others will serve as bainite and a ferrite. Toughness 

and high temperature strength are improved by considering as a tempered martensite subject's 

organization. 

[0042] 

[Example] Slabbing of the steel ingot of the chemical composition shown in Table 1 ingoted and 
obtained with the electric furnace was carried out, the with the diameter of 75-450mm and a die length 
[ 10- 15m ] mandrel bar was manufactured, and annealing was carried out at 800-850 degrees C. It 
heated to each temperature shown in Table 2 after that, and hardened by water cooling or radiationnal 
cooling. 

[0043] Various heating time for hardening was changed and the temperature gradient of the core of a 
mandrel bar and the surface section was changed. A temperature gradient is shown in Table 2. This 
temperature gradient is the temperature searched for by calculating from outside temperature, a heat 
transfer coefficient, and thermal conductivity. 
[0044] 
[Table 1] 
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After hardening processing, each degree of hardness of the sample which cut some mandrel bars and 
was extracted from the core, and the sample which heat-treated separately was measured, and the 
amount of martensite after hardening was calculated by said formula. Moreover, visual observation of 
the outside surface of a mandrel bar was carried out, and the existence of a quench crack was 
investigated. Moreover, the existence of season-cracking generating after 24-hour neglect was also 
investigated. 

[0045] Then, it annealed to the mandrel bar in the 600-625-degree C temperature requirement, and 
adjustment on the strength was performed to about 37 by the HRC degree of hardness. In part, as 
comparison material, it cooled radiationally, and induction hardening was again carried out for the 
softened mandrel bar, and the mandrel bar which hardened only the surface was also manufactured. 
[0046] It extracted each the piece of an elevated-temperature tensile test, and two fracture toughness test 
pieces from some cores of the cut mandrel bar, and the average after a trial estimated high temperature 
strength and toughness. 

[0047] In addition, an elevated-temperature tensile test is JIS with a US 14 No. A test piece (diameter of 
D= 6mm). Based on G0567, it carried out with the test temperature of 650 degrees C, and proof stress 
was measured 0.2%. Moreover, a fracture toughness test is ASTM. It measured according to E399-83. 
The above-mentioned test result is shown in Table 2. 

[0048] Subsequently, in order to investigate the life of a mandrel bar, it rolled out by the mandrel mill of 
five stands, and investigated whether it would become impossible with what pass to use a mandrel bar. 
Rolling of one steel pipe by the mandrel mill was made into the one pass. The mandrel bar was repeated 
and used and the count of pass until it results in the cast away was investigated. When visual observation 
of the front face of a mandrel bar was carried out and surface deterioration, a heat check, and breakage 
occurred, the mandrel bar was prolonged and the case where the diameter decreased by 1mm was made 
into cast-away criteria. Since the mandrel bar which carried out water quenching which is an example of 
this invention, and which is shown in numbers 1-8 was adjusted to below the value that regulated the 
level of P according to the diameter, a baked crack and season cracking did not generate it. Moreover, 
the rate of martensite of a core is also large enough, and it excels in high temperature strength and 
toughness. As a result, the quantity life was acquired. 

[0049] About the numbers 9-11 of the example of a comparison, the amount of P has exceeded the range 
specified by this invention, a baked crack and season cracking occurred, and it was not able to be used 
as a mandrel bar. By cooling radiationally at the time of hardening and being unable to secure sufficient 
amount of martensite, it was non-**, and crack progress was large, and breakage generated high 
temperature strength and toughness, and numbers 12-16 were low lives. 

[0050] In the induction hardening process material of the conventional example, the reinforcement of a 
core was small, the problem of path contraction occurred and the life fell. 

[0051] Drawing 1 shows the relation between the martensite molar fraction after hardening, and fracture 
toughness by a diagram based on the result shown in Table 2. 

[0052] The fracture toughness of the ingredient which the martensite molar fraction was changed, 
adjusted tempering temperature, and arranged the initial degree of hardness with HRC37 mostly by 
cooling rate change at the time of hardening is shown. 

[0053] When the amount of bainites at the time of hardening decreases and the amount of martensite 
rises, fracture toughness is improved greatly. 

[0054] drawing 2 showed the relation between the amount of martensite after hardening, and high 
temperature strength by a diagram based on the result shown in Table 2 — it is. The high temperature 
strength of the ingredient which the martensite molar fraction was changed, adjusted tempering 
temperature, and arranged the initial degree of hardness with HRC37 mostly by cooling rate change at 
the time of hardening like fracture toughness is measured. When the amount of bainites at the time of 
hardening decreases and the amount of martensite rises, high temperature strength is improved greatly. 
[0055] 

[Effect of the Invention] Since according to this invention the mandrel bar excellent in the high 
temperature strength and the toughness of the core which is not seen is obtained by the conventional 
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mandrel bar and a life is prolonged greatly, a tool material unit can decrease greatly and the 
effectiveness on industry has it. [ very large ] 



[Translation done.] 
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BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE 1 ' CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



^IB LURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXH1BIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 




